of the Atlantic Rainforest in recent decades, which is crucial to understanding the recent trends in environmental degradation in São Paulo state. An attempt to reconstruct the forest cover of the state was done by Victor (1975) and Victor et al. (2005) based on reports of pioneers and naturalists, the rise and mobility of population, agriculture expansion and more recently on aerial photo interpretation. It shows that the forest cover of the state was drastically reduced (Fig. 2) by the spread of agriculture and industrialization. The amount of forest cover remaining today corresponds to 2, 8 and 55% of the original area in Campinas, Bauru and Cubatão, respectively.
Future Directions
From the perspectives of both local sustainable development and global change, São Paulo is a "hot spot". There is a great need to break the cycle of destruction and reconstruction linked to catastrophic events. Knowledge of the extent of historical environmental degradation through depletion of resources, such as has occurred in the Atlantic Forest, and a comprehensive evaluation of the frequency and magnitude of floods and landslides are essential to understanding the evolution of natural disasters. Further studies that take into account the characteristics of the river channel network, the sediment yield from these catchments, the landslide scars, and the weathering and soil development must encompass at least decadal timescales in order to provide rates and nature of changes that take place over planning timescales. The evaluation of current economic development strategies, including policies, guidelines and laws, are vitally important to develop strategies that can lead the entire region towards a more sustainable development trajectory. Planning must be constrained by rules that are defined and rooted in long-term and regional to inter-regional analyses of the optimum and sustainable uses of space. Paleoecological records from billabongs (floodplain lakes) in southern Australia can be used to develop ecosystem response models that describe how the underlying hydrology and geomorphology of these aquatic ecosystems control their resilience to anthropogenic stressors.
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Water demands
Lowland floodplain rivers are "hotspots" of biodiversity and productivity. The ecological importance of these environments is particularly substantial in Australian semiarid and arid environments because of the moisture subsidy they provide to riverine ecosystems (Ogden et al., 2007) . In Australia's dry climate, these environments have also become extremely important for agriculture, which in turn has led to deterioration in ecosystem function and reduced biodiversity. Competing demands for water by ecological and economic systems has led to an apparently intractable debate over how best to allocate water to support sustainable agriculture and ecosystems. The recent debate over the water allocation prescriptions within the Murray Darling Basin Plan (MDBA, 2010) reveal that the changing condition of floodplain wetlands (billabongs) across the region is not well understood. In order to meet this challenge it is vital that water is used efficiently for both agriculture and to support riverine ecosystems. The second half of this equation presents an immense challenge to scientists and managers because our understanding of riverine ecosystem function is limited by a lack of robust data on benchmark conditions, ecosystem variability, and the drivers and trajectories of change.
Ecosystem histories and complexity
Data and information needed to reconstruct ecosystem histories can be provided through paleoecological studies of wetlands. Furthermore, for a basin-wide appreciation, a regional integration of paleoecological studies can reveal the extent and timing of changes to provide broad insights into the ecological cost of the diversion of river flows to support irrigated agriculture.
While factors, such as invasive species and land use, can influence ecosystem structure and function (Roberts et al., 1995; Robertson and Rowling, 2000) , floodplain aquatic ecosystems are principally driven by hydrology (Walker, 1985; Bunn et al., 2006) . Thus, hydrological changes experienced by billabongs are likely to have a substantial influence on their ecology. However, while the hydrology of a river as a whole is primarily driven by extrinsic factors, the hydrology of individual billabongs is also strongly influenced by intrinsic factors, such as local adjustments in channel morphology, the deposition of sediments in secondary channels linking billabongs to the main channel, and the infilling of the billabongs themselves. Thus individual billabongs may reflect any number of environmental changes operating across a range of spatial and temporal scales. The distinction between local and regional drivers of change can Science Highlights: Integrative Paleoscience therefore only be revealed by the integration of a suite of studies over a range of hydrological contexts. Understanding links between stressors and billabong responses is complicated by the fact that billabongs are ecosystems and therefore have system properties such as non-linear and threshold responses to drivers and system resilience. Clearly, billabongs are not passive receptacles that receive sediments and biological remains that reflect linear relationships to broad-scale environmental drivers. Instead, spatial and temporal variability in depositional processes should be anticipated and simple "dose-response", linear relationships between billabong ecosystems and environmental drivers cannot be assumed. Given this variability and complexity, our capacity to understand the nature, degree, and magnitude of ecological change in lowland river systems is greatly enhanced by robust study designs that incorporate replication of sampling units and a framework for interpreting sediment records that reflects system behavior.
Billabong typologies
The utility and value of this approach was demonstrated in early paleoecological research on billabongs in the southern Murray-Darling Basin systems (Ogden, 2000; Reid, 2002 Reid, , 2008 Reid et al., 2007) . Here, large, deep billabongs underwent apparently rapid transitions in state from macrophyte to phytoplankton-dominance at the time of European settlement, while smaller and shallower billabongs maintained substantial submerged macrophyte communities (Fig. 1) . The switch from macrophyte-to phytoplankton-dominance was clearly the most significant ecosystem change in those habitats for centuries, and even millennia, and was attributed to reduced photic depth as a result of abiotic turbidity caused by the influx of eroded soils in the region in the mid 1800s. This interpretation is supported by numerous geomorphological studies, which have demonstrated that this period of early settlement was one of intense sheet and gully erosion in south east Australia, driven by the clearing of native vegetation and the introduction of ungulate grazers (Prosser et al., 2001 ). The patterns observed in these studies highlight the critical importance of photic depth as a driver of ecosystem structure in Australian shallow lakes, a feature demonstrated elsewhere (Scheffer and Carpenter, 2003) . A critical aspect of the findings in the southern MurrayDarling Basin was the importance of the underlying morphometry in controlling the system's resilience to reduced photic depth.
This simple two-response type framework does not appear to apply to billabongs further downstream in the Murray-Darling System. Numerous studies of billabongs and floodplain wetlands on the Murray below the confluence with the Goulburn River have been carried out, and the majority of the records derived from these studies do not conform to one of the types described above (Gell et al., 2005 (Gell et al., , 2007 Fluin et al., 2010) .
Although there is site-to-site variation, analysis of the full suite of records suggests four broad response types exist (Fig. 2) : -Type I: where macrophyte-dominance persists throughout the record. - Type II: where a switch from macrophyte to phytoplankton-dominance occurs, associated with European settlement. - Type III: where periods of phytoplankton dominance occur before and after European settlement. - Type IV: where there appears to be few periods of "stable" macrophyte or phytoplankton-dominance.
The nature of the changes varies across the southern basin and has a broad geographical pattern: -Billabongs from Murray tributaries (Ovens, Goulburn and Murrumbidgee) tend to exhibit a Type I response. - Billabongs from the middle Murray (between Hume Dam and the Murrumbidgee confluence) tend to exhibit a Type II response. -Billabongs from between the Murrumbidgee and the Darling tend to exhibit a Type III response. - Billabongs below the Darling tend to exhibit a Type IV response.
As the locations of sites in Figure 1 show, this pattern is not entirely consistent, particularly in the lower Murray. Nevertheless, the smaller channels of the Murray tributaries create smaller billabongs and hence a propensity for Type I responses. In contrast, the larger billabongs of the Murray are more susceptible to state changes in line with the model proposed by Ogden (2000) . Further downstream, the drier climate and more variable hydrology introduces the potential for more frequent and extreme drying events. Thus, for billabongs exhibiting a Type III response, drying events may act to reset a new stable state once re-filling occurs. For billabongs exhibiting a Type IV response, drying phases may be too frequent for the establishment of strictly aquatic communities Reid, 2002) Reid et al., 2007) 
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(planktonic or benthic) and hence these systems are dominated by opportunist taxa, such as amphibious or water tolerant terrestrial plants and algae, adapted to both benthic and pelagic habitats.
The broad geographical pattern suggests that the response types reflect the underlying geomorphology and hydrol- ogy of billabongs, because these features reflect the geomorphological and hydrological character of the parent river and reach. This understanding arises through the integration of a suite of site studies that enable the differentiation of sitespecific change and regional drivers, and so provide evidence for management at a range of locations and management scales.
Implications
This regional synthesis allows for an assessment of the sensitivity of wetlands to catchment impacts and the status of groups of wetlands relative to their historical range of condition. For wetland managers, deep, large (Type II) wetlands are at risk yet smaller (Type I) wetlands reveal some resilience to catchment impacts. Lower down the system, armed with this evidence managers may better justify reinstating wetting-drying regimes to reset turbid wetlands provided sources of sediment are controlled. Lastly, for Type IV wetlands, this research shows that a "dry wetland" is an ecologically acceptable condition and regular artificial filling may not be justified. In all instances, this evidence reinforces notions that connectivity is key, but also that sediment flux remains a strong driver of wetland condition.
Data
Metadata on the data presented in this article is available in the OZPACS database (http://www. aqua.org.au/Archive/OZPACS/OZPACS.html). The raw data are available on request from the author.
